Background/Aims: To clarify the effect of fluoride on splenic B cells, the endocytosis and surface marker expression levels of mouse splenic B cells were detected in vitro by flow cytometry. Methods: Cells were stimulated with 10 μg/mL lipopolysaccharide (LPS) and varying concentrations of Sodium Fluoride (NaF) (0, 50 μM, 100 μM, 500 μM, 1000 μM). Results: The results demonstrated that the endocytic capacity of B cells was enhanced by NaF at 50μM. NaF significantly enhanced CD80 expression at 50 μM and decreased CD86 expression at 500 μM. CD40 and CD138 expression on B cells were down-regulated at varying high concentrations of NaF. Conclusion: our results showed that the endocytic capacity, expression levels of CD40 and CD80 of B cells changed significantly at lower concentrations, whereas expression levels of CD138 and CD86 changed significantly at higher concentrations, suggesting that fluoride could inhibit immune function in animals.
Effect of Fluoride on Endocytosis and Surface Marker Expression Levels of Mouse B Cells In Vitro

Introduction
As is well known, fluoride (F) primarily has a negative effect on bones and teeth due to clinical skeletal fluorosis and dental fluorosis. Then furthermore epidemiological researches and experimental studies show that it also affects the nervous system [1, 2] , reproductive system [3, 4] , cardiovascular system [5, 6] , immune system [7] [8] [9] , and so on. Our previous studies showed that excessive fluoride ingestion induced pathological changes in the spleen and impairment of immune function in rabbits [10, 11] and thymus apoptosis in female rats [12] . Extravasation of circulating lymphocytes into lymphoid and extra-lymphoid tissue is essential in normal immune surveillance and inflammation [13] . However, the underlying mechanisms of the F-induced damage to the immune system are unclear.
B cells are not only a major component of the innate immunity but also the main executors in the humoral immunity. B cells are a class of professional antigen presenting cells that deliver antigen to CD4 + T cells, a process termed antigen presentation. B cells can capture and present antigens derived from invading microorganisms. However, it is necessary that B cells efficiently bind and internalize soluble antigens that bind specifically to their unique surface immunoglobulins. The capturing, processing, and presenting of soluble antigen to CD4 + T cells is an important process of humoral immunity. Little attention has been paid to the effect of fluoride on endocytosis of B cells even though it is the first step to capture the antigen and initiate the humoral immune response.
CD molecules are the general term for a class of differentiation antigens that are located on the cell surface [14] . They not only can be used as surface markers for cell separation and identification, but also are widely involved in cell growth, maturation, differentiation, development and migration. They play important roles in the identification, activation and effectors phase of the immune response [15] . For example, CD86 (B7-2) and CD80 (B7-1) on B cells provide costimulatory signals to T cells [16] ; CD40 on B cells is involved in B cell growth and differentiation, and participates in B cell-T cell interactions [15] ; and CD138 is the major surface marker of the plasma cells and is one of the key indicators to measure plasma cell differentiation [17, 18] .
With regard to the effect of fluoride on the humoral immune response, previous studies have mostly concentrated on the production of immunoglobulin. Little research has been done on the antibody-producing cells, namely B cells. In this study, we attempted to clarify the mechanisms of fluoride on the innate immune response and the adaptive immune response. Specifically, we have investigated the effect of fluoride on the endocytosis and surface markers, i.e., CD80, CD86, CD40, and CD138 of mouse splenic B cells.
Materials and Methods
Mice
Six to eight week-old female Kunming mice were obtained from the Experimental Animal Center of Shanxi Medical University (Taiyuan, China) and housed in conventional housing at the Animal Care facility, Shanxi Agricultural University. Animal experiments were approved by the Animal Care and Use Program of College of Animal Science and Technology and performed according to the guidelines set by the Institutional Animal Care and Use Committee of China.
Antibodies and reagents
Phycoerythrin (PE)-labelled rat anti-mouse CD45R/B220 (clone: RA3-6B2), fluorescein isothiocyanate (FITC)-conjugated rat anti-mouse CD40 (clone: 3/23), peridinin chlorophyll protein (PerCP-Cy™) 5.5-conjugated hamster anti-mouse CD80 (clone:16-10A1), fluorescein isothiocyanate (FITC)-conjugated rat anti-mouse CD86 (clone: GL1), and allophycocyanin (APC)-conjugated rat anti-mouse CD138 (clone: 281-2) were purchased from BD Pharmingen™ (San Diego, USA). Lipopolysaccharide (Escherichia coli serotype 0111:B4) was purchased from Sigma-Aldrich (St Louis, MO). FITC-dextran (Molecular Probes) was purchased from Invitrogen (San Diego, CA). Annexin V/PI apoptosis detection kit was purchased from KeyGEN Biotech (Nanjing, China). PI and RNase A were purchased from Solarbio (Beijing, China). Fetal bovine serum (FBS) was purchased from Hangzhou Sijiqing Biological Engineering Material Company (Hangzhou, China). Analytical grade NaF was purchased from Jiangbei chemical reagent factory (Wuhan, China).
Mice splenic lymphocytes preparation and culture
Mouse spleen was aseptically isolated and ground in mouse lymphocyte separation medium. Murine lymphocytes were isolated and cultured (1 × 10 
Endocytosis assay
After extensive washing, the cultured lymphocytes were resuspended in culture medium and 1 × 10 6 cells in 0.2 ml culture medium were incubated with 25 μg/ml of FITC-dextrans (Molecular Probes) at 37°C for 1 hr. Subsequently the cells were washed with flow cytometry staining buffer and were then stained with PE-labeled rat anti-mouse CD45R/B220 at 4°C for 30 min in the dark, the cells were washed twice and resuspended in FACS buffer for flow cytometric analysis [20] . Fluorescence intensity was measured using flow cytometry analyses.
B-cell surface molecule analyses
The cultured lymphocytes were washed and collected in phosphate-buffered saline (PBS) containing 2% FCS, and 1 × 10 6 cells were then stained with PE-labeled rat anti-mouse CD45R/B220 in combination with either FITC-conjugated rat anti-mouse CD40, PerCP-Cy™ 5.5-labelled hamster anti-mouse CD80, FITC-conjugated rat anti-mouse CD86, APC-conjugated rat anti-mouse CD138 monoclonal antibodies at a concentration recommended by the manufacturer for 30 min at 4°C in the dark. After extensive washing with flow cytometry staining buffer, cells were spun down and resuspended in 0.5 -1 ml fixing buffer (1% paraformaldehyde in PBS) for flow cytometry analyses [21, 22] . The data were processed with the CellQuest 3.3 software.
Statistical analysis
Data are shown as mean ± standard deviation (SD) and analyzed using Student's t-test. P-values of < 0.05 were considered as significant.
Results
Effect of sodium fluoride on B cell endocytosis
Endocytosis assay (Fig. 1) showed that NaF-triggered B-cell endocytosis was not obvious at doses of 100 μM, 500 μM, 1000 μM. However, the endocytosis of B cells was significantly enhanced at the concentrations of 50 μM NaF compared with control groups.
Expression of B cell surface markers CDs stimulated with various doses of sodium fluoride Expression of CD80 on B cells
The results (Fig. 2) showed that there was up-regulation of surface expression of CD80 on B cells at varying concentrations of NaF. At doses of 500 μM NaF, expression levels of CD80 on splenic B cells were not detectable. The concentration of 100 μM and 1000 μM NaF 
induced only a slight change in expression levels. In contrast, there was significant difference in expression levels of CD80 on B cells between the control and 50 μM groups.
Expression of CD86 on B cells
As shown in Fig. 3 , the expression levels of CD86 on B cells were only slightly increased by treatment with 50 μM, 100 μM and 1000 μM NaF. However, there was extremely significant down-regulation of expresson levels of CD86 at 500 μM compared with control groups.
Expression of CD40 on B cells
The results (Fig. 4) showed that there was down-regulation of surface expression of CD40 on B cells at varying concentrations of NaF. The expression levels of CD40 on splenic B cells only slightly decreased by treatment with 500 μM and 1000 μM NaF compared with control groups. There was extremely significant down-regulation in expressing levels of CD40 in the 50 μM and 100 μM groups compared with control groups. 
Expression of CD138 on B cells
The results (Fig. 5) showed that there was down-regulation of surface expression of CD138 on B cells at varying concentrations of NaF. The expression levels of CD138 only slightly decreased by treatment with 50 μM, 100 μM and 500 μM NaF. There was significant down-regulation in expression levels of CD138 on B cells in the 1000 μM group compared with control groups.
Discussion
B cells are one of the main classes of professional antigen-presenting cells. The presentation function of B cells is extremely important for the production of anti-TD antibody. Endocytosis is essential for antigen presentation by B cells. The endocytosis of many signaling receptors is stimulated by ligand-induced activation [23] . Endocytosis occurs at the cell surface and involves internalization of the plasma membrane along with its constituent membrane proteins and lipids. The experimental results show that the endocytotic ability of B cells was significantly enhanced by NaF at the concentrations of 50 μM. A study by Sapna and Arbind [24] found that the sodium fluoride toxicity may increase the phagocytic activity 
of macrophages to engulf more RBC in spleen and to develop anemia. Endocytosis is one of the main components of the innate immune response. Antigen presenting cells are also associated with the adaptive immune response based on this basic function. Endocytosis is only the first step involved in the immune response, and subsequently also relates to a number of steps, such as metastasis, degradation, processing, antigens-presentation. It is not absolutely illustrated that fluoride can reinforce the immune function when endocytosis enhanced by it. However, we found that the endocytotic function of B cells was enhanced significantly only at lower concentrations of NaF. It did not change significantly at higher concentrations. We speculated that this may be related to the cytotoxicity of fluoride. Many studies have shown that the effect of the high concentration of fluoride may cause cell apoptosis, in multiple cell types including hepatocytes [25] , human embryo hepatocytes [26] , human dental pulp stem cells [27] , peripheral blood mononuclear cells [28] , and osteoblasts [29] . Thus, we speculated that at higher concentrations of fluoride there may also be induction of B cell apoptosis. CD80 and CD86 are part of an extensive family of costimulatory molecules critical for T cell activation [16] . CD80 and CD86 have also been shown to differentially regulate B cell activation; wherein CD80 provides an inhibitory signal to B cell function, and CD86 provides a stimulatory signal to B cell function [30] . The CD80/CD86-CD28 pathway has been shown to be bidirectional, whereby signaling by CD80 and CD86 on DCs results in the production of IFN and IL-6 [31] . Studies by de Vos et al. [32] have provided solid evidence that NaF significantly suppressed Con A-induced IFN-gamma production of lymphocytes. Lund et al. [33] have already described that IL-6 was significantly increased in the bronchial portion for those cells exposed to "high" concentrations fluoride. In the present study we demonstrated that NaF promoted prominent expression levels of CD80 at doses of 50μM and that it reduced the expression levels of CD86 at 500 μM. This prompts the hypothesis that the immune function may be reduced due to the impact of NaF. CD80 and CD86 are potent regulators of IgG secretion by previously activated B cells [34] . Thus, we can speculate that the ability to produce antibodies may be weakened after stimulation by NaF. Jain and Susheela [35] found that fluoride could inhibit the formation of antibody. Our experiments show that the effect of NaF on the expression of CD80 and CD86 has an important role in the humoral immune function. It is mainly embodied in reducing the production of antibody and some types of cytokines.
CD40 is a member of the tumor necrosis factor (TNF) receptor superfamily expressed on antigen-presenting cells, including B cells [36] . The CD40-ligand (CD40-L/CD154), a member of the TNF family, is mainly expressed on activated CD4 + T cells only [37] . Interactions between CD40 and CD40 ligand have been implicated as being critical for the initiation of T-lymphocyte-dependent humoral and cell-mediated immune responses [38] . The cross-linking of CD40 with CD40L induces the production of various cytokines, such as IL-1, IL-8, and TNF [39] . Hosokawa et al. [40] found that the concentrations of TNFα and IL-1β produced by macrophages in the supernatant were significantly lower in 1000 μM NaF-exposed group than in the control respectively. Refsnes et al. [41] found that exposure of human epithelial lung cells to fluorides induced a marked increase in the release of IL-8. Our research shows that the expression levels of CD40 on B cells decreased by treatment with varying concentrations of NaF. Therefore, the decrease of CD40 expression may lead to a weakened cellular immune function. CD40 is also a class of important costimulatory molecules involved in B cell activation. Thereby changes of CD40 expression may also reduce the humoral immune function.
CD138 (Syndecan-1), a member of the transmembrane heparan sulfate proteoglycan family, acts as an extracellular matrix receptor [42] . Within the hematopoietic system, CD138 is an excellent marker of plasmacytic differentiation [17] . Expression measurements of the CD138 protein are a quantitative method for determining the degree of B cell differentiation into plasma cell [18] . As antibody-producing cells, reduction in the number of plasma cells can function to reduce antibody production. The antibody is an important immune molecule that mediates humoral immunity and posseses extensive biological functions. Our results shows that the expression levels of CD138 were reduced at varying concentrations of NaF. This indicates that NaF can directly affect the levels of the humoral immune response. Many previous trials have demonstrated that sodium fluoride can affect antibody formation [35, 43, 44] .
In summary, we discovered that the endocytic capacity and CD80 and CD86 expression levels on B cells were enhanced at lower concentrations of NaF (≤ 50μM); and CD40 and CD138 expression levels on B cells were reduced by varying high concentrations of NaF. Our results suggest that fluoride may play an inhibitory effect on the immune function.
